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Abstract 
One of the potential non-edible biodiesel feedstocks in Indonesia is kapok seed oil (Ceiba pentandra). However, the 
biodiesel made directly from kapok seed oil will not comply with the requirement of Indonesian Biodiesel Standard, 
because the oil contains cyclopropenoid group, i.e. a reactive group that easily polymerizes, making the biodiesel 
viscous and thus could plug the fuel injection nozzle on the diesel engine. The aim of this study is to determine the 
suitable conditions for low T and P catalytic transfer hydrogenation process to eliminate the cyclopropenoid group in 
kapok seed oil. Potassium formate (10 M) was used as a hydrogen donor solution and the catalyst was a 5%-
palladium on carbon (5%-Pd/C) utilized at a level of 0,5%-mass to oil. The concentrations of cyclopropenoid group at 
the beginning and the end of the hydrogenation were determined titrimetrically using Durbetaki reagent. The best 
condition for catalytic transfer hydrogenation of kapok seed oil found in this study was at 65°C for 9 hours, which 
resulted in about 61% decrease of the cyclopropenoid group. Iodine number measurements indicated that the 
hydrogenation process merely occured on the cyclopropenoid group, because the group was more reactive than the 
monoenoic/dienoic bonds on the aliphatic fatty acid chains of the oil. 
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1. Introduction 
The use of non-renewable fossil fuels as the world primary energy source has brought serious negative 
environmental impacts, such as air pollution and growing concerns on global warming. Moreover, since 
the oil reserves are continuously depleting, the oil price and hence the related end products have been 
significantly increasing in the last decades. Therefore, many alternative and renewable biomass-based 
fuels have been developed in various parts of the world to overcome the growing problems from the usage 
and the steadily declining supply of fossil fuels. Biodiesel, or Fatty Acid Methyl Ester (FAME), is one 
important renewable source for future fuel supplies and is mostly synthesized from vegetable oil and 
methanol. The use of biofuels such as biodiesel brings a promising future to end global warming since 
those fuels are basically carbon neutral. Unfortunately, most of the present biodiesel feedstocks are edible 
oils, such as palm, rapeseed, and soybean oils, hence rising concerns on food versus fuel competition.  
One of Indonesian potential non-edible oils to be developed as biodiesel feedstock is kapok-seed oil 
(Ceiba pentandra). The kapok tree grows easily and is widely cultivated in many Indonesian islands for its 
fiber. A typical fatty acid composition of kapok-seed oil is presented in Table 1 [1].Biodiesel made 
directly from kapok-seed oil will not pass (as it gives a positive response to) the Halphen test, which is 
one of the requirements of the existing Indonesian Biodiesel Standard (SNI-04-7182-2006), due to the 
presence of a cyclopropenoid group. The cyclopropenoid is basically a cyclopropene structure within a 
molecule (or fatty acid chain). The cyclopropene itself has several properties such as high dipole moment 
(0,455 D), high reactivity towards addition and ring opening reactions [2]. This group is naturally found in 
the less common fatty acids sterculic and malvalic acids (Figure 1). It is highly reactive, and hence, may 
result in fatty acid chain polymerization which in the end would cause fuel injection-nozzle blocking. 
Table 1. The fatty acid compositions in kapok-seed oil 
Fatty Acid Content (%) 
Myristic acid (C14:0) 0.25 
Palmitic acid (C16:0) 24.31 
Palmitoleic acid (C16:1) 0.4 
Stearic acid (C18:0) 2.65 
Oleic acid (C18:1) 21.88 
Linoleic acid (C18:2) 38.92 
Linolenic acid (C18:3) – Arachidic acid (C20:0) 1 
Malvalic acid 7.18 
Behenic acid (C22:0) 0.44 
Sterculic acid 2.96 
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Fig 1. The molecular structure of fatty acids with cyclopropenoid group 
 Tedi Hudaya et al. /  Energy Procedia  32 ( 2013 )  209 – 215 211
CH3(CH2)7C C(CH2)nCO2H
CH2
CH(CH2)nCO2HCH3(CH2)7CH
CH2
CH3(CH2)7C CH(CH2)nCO2H
CH3
CH3(CH2)7CH C(CH2)nCO2H
CH3
malvalic n=6
sterculic n=7
+H2
 
Fig 2. The addition and ring opening reactions through hydrogenation 
A hydrogenation process may eliminate this reactive group, making the oil suitable for use as biodiesel 
feedstock. Through hydrogenation process, it is expected that the cyclopropenoid group may diminish or 
even completely converted due to the double bond saturation. Further ring opening is also possible, 
resulting in branched-chain fatty acid structure which is beneficial since it may contribute to the lower 
cloud point of the resulting biodiesel. The scheme of those reactions is given in Figure 2. 
The hydrogenation may be carried out via several methods, such as conventional hydrogenation using 
high pressure hydrogen gas or catalytic transfer hydrogenation. In the latter process, a solution of 
potassium formate could be used as the hydrogen donor. The reaction between the hydrogen donors with 
the oil on the catalyst surface is:  
D + HCOO- + H2O  HCO3- + DH2   (1) 
DH2+ A  D + AH2  (2) 
with D as the catalyst surface and A is the oil as hydrogen acceptor [3].  
In this study, catalytic transfer hydrogenation process is chosen for small scale industry application, 
since it does not use high pressure hydrogen gas. The absence of hydrogen gas eliminates the high risk 
and expensive process, and thus it is suitable to be adopted in such industries. The catalytic transfer 
hydrogenation process is best carried out at low temperatures since at high temperatures the 
cyclopropenoid group will become unstable and easily polymerize [4]. Some previous studies show that 
palladium (Pd) on C support is the ideal catalyst for the catalytic transfer hydrogenation of oils [3 – 4]. 
2. Experimental 
The 5%-Pd/C catalyst was prepared according the procedure described by Mozingo [5] and Vogel [6] 
using an apparatus described in Figure 3. PdCl2 solid was dissolved in concentrated HCl and then mixed 
with sodium acetate solution. Granulated activated Carbon was prepared and washed according to the 
procedure outlined by Vogel (1989) and subsequently mixed with the Pd2+ solution. The reduction of Pd2+ 
was carried out by stepwise hydrogenation using hydrogen gas at atmospheric pressure.  
The hydrogenation was performed to the 1:1 (by volume) mixture of methanol and kapok-seed oil 
within a circulated packed-bed batch reactor shown in Figure 4. 10 M solution of KCOOH (50% excess to 
the cyclopropenoid content) together with 5%-Pd/C catalyst (0.5% Pd with respect to the oil mass) was 
added to the reaction mixture. The hydrogenation was studied at two temperatures, 55 and 65oC.  
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Fig 3. The apparatus for preparing 5%-Pd/C catalyst 
 
 
Fig 4. The apparatus for catalytic transfer hydrogenation 
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The cyclopropenoid content in the original and processed oil was determined titrimetrically using 
Durbetaki reagent [7]. The oil sample was mixed with toluene and glacial acetic acid, and crystal violet 
was added as the titration indicator. The mixture was heated until 55°C before the titration using 
Durbetaki reagent. The titration end point was indicated by the steady (around 30 second) colour change 
from violet to greenish-blue. 
3. Results and discussion 
The reduction of Pd2+ solution by hydrogenation was performed stepwisely. The Pd would be 
deposited across the surface of the activated C support. Initially, the hydrogen gas was slowly introduced 
into the flask to replace the air above the solution mixture (see Figure 3). The high partial pressure of 
hydrogen ensured the fast mass transfer into the solution, and the dissolved hydrogen would then reduce 
the Pd2+ ions in the solution: 
H2 + Pd2+  Pd + 2H+  (3) 
The hydrogenation reaction could be confirmed by the water level rise in the gas outlet tube inside the 
indicator flask beside the reactor. Before the tube was fully filled with the rising water, hydrogen gas from 
gas cylinder was reintroduced into the system. This process was repeated until there were no more 
observable changes in the water level, meaning that all the palladium ions had been deposited as 
palladium metal onto the activated C surface.  
The resulting 5%-Pd/C was filtered and washed with demineralized water before being dried at room 
temperature in a desiccator. The filtrate colour was pale yellow and completely different from the dark 
brown original solution. There was no sign of precipitate presence in the filtrate, since the reduced Pd ions 
were deposited onto activated C surface. Some preliminary analyses were performed on the kapok-seed 
oil feedstock. A summary of density, viscosity, iodine number, and cyclopropenoid content of the oil is 
presented in Table 2. 
Interesting findings were observed with the hydrogenation process using freshly prepared Pd/C 
catalyst. The viscosity of the processed oil increased drastically from 46,7 cP to 168,17 cP. Zarins (1982), 
found that freshly activated Pd catalyst still had considerable amount of H atoms on the catalyst surface, 
but resulted in lower cyclopropenoid conversion compared to that of used catalyst [4]. On the other hand, 
the fresh Pd/C catalyst was much more selective to polymerisation rather than to hydrogenation, since 
around 4 times increase in the reaction mixture viscosity was noted.  
Table 2. The kapok-seed oil feedstock analysis 
Element Description 
Colour Dark yellow 
Density 911,1 kg/m3 = 0,9111 kg/L 
Viscosity 0,0467 N.s/m2 = 46,7 cP 
Cyclopropenoid content 0,405 mmol/g-oil 
 (11,4% as malvalic acid or  
 11,9% as sterculic acid) 
Iodine number 98,4 
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Table 3. The summary of hydrogenation on kapok-seed oil at various reaction conditions  
Experiment (1) (2) (3) (4) (5) (6) 
T ( C) 65 65 65 55 55 65 
Reaction time (h) 12 6 9 6 12 11 
Polymerization  - - - -  
Final viscosity (cP) - 50.93 ± 0.44 49.23 ± 2.34 55.04 ± 7.65 47.04 ± 1.91 - 
Final cyclopropenoid (mmol / g-oil) - 0.318 ± 0.003 0.159 ± 0.001 0.348 ± 0.007 0.197 ± 0.004 - 
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Fig 5. The possibility of polymerisation product of malvalic and sterculic acids [8 – 9] 
The processed kapok-oil became viscous, sticky, and turned into gel after being aged for several days. 
However, after the same run was repeated using used Pd/C catalyst, the viscosity change to the kapok-
seed feedstock after the reaction was negligible (with final reaction mixture viscosity was 46,3 cP). 
Therefore, it could be concluded that the polymerisation reaction was dominant if a freshly activated Pd/C 
catalyst was used. The processed oil under various conditions showed a significant decrease of 
cyclopropenoid content, and the results were summarized in Table 3. However, under 65 oC (the boiling 
point of the mixture) and reaction times longer than 9 hours the oil turned into gel-like brown solid at the 
end of the reaction. This indicated that at high temperature of 65 oC, the polymerization of the oil [8] is 
unavoidable after prolonged reaction times. Rinehart and Mills [8 – 9] proposed some type of the 
polymerisation products or reactions of malvalic and sterculic acids, as shown in Figure 5.  
In general, the viscosity of the hydrogenated kapok-seed oil did not change significantly (only around 
10% increase), indicating that a low degree of polymerisation occurred forming dimer or oligomer, but 
not gel-like polymer as in run (1) and (6). 
Despite of the polymerisation after prolonged reaction times, the hydrogenation process at 65 oC for 9 
hours resulted in the greatest decrease of cyclopropenoid of 61%. Nearly similar result was also found at 
lower temperature of 55 oC for longer time of 12 hours. The advantage of using lower temperature was 
that the oil remains liquid without any significance changes in viscosity even after longer reaction time.  
Analysis indicated that there was no evidence of iodine number decrease, indicating that only 
cyclopropenoid group hydrogenation occurred despite the fact that unsaturated aliphatic fatty acids (oleic 
and linoleic acids)were also present in the oil. Thus the cyclopropenoid group was indeed much more 
reactive towards hydrogenation than the unsaturated aliphatic groups. 
For improvement in further research, 2 stages hydrogenation process using a high temperature and then 
subsequently followed by the reaction at lower temperature may be applied to eliminate the unwanted 
group completely. A slurry reactor system is another alternative reactor set-up that may be used to speed 
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up the mass transfer of the reactants to the catalyst surface. Intensive agitation can be introduced to give 
high turbulences. Moreover, powdered activated C, which replaces the granulated catalyst particles in the 
packed-bed system, offers much higher surface area for mass transfer. 
4. Conclusion  
The catalytic transfer hydrogenation of kapok-seed oil at low temperatures (between 55 – 65 oC) shows 
a promising result (61% decrease in 9 hours) for eliminating the unwanted cyclopropenoid group in 
kapok-seed oil. However, care need to be taken for prolonged reaction especially at higher temperature, 
since gel-like polymer may be resulted from the polymerisation of the highly reactive cyclopropenoid 
group. The Pd/C catalyst may be used for the catalytic transfer hydrogenation purpose, however the 
freshly prepared catalyst tends to promote polymerisation. Further improvement, before application in 
small scale industries, is needed to completely remove the cyclopropenoid to the trace level so that the 
biodiesel synthesized from this oil may comply with the Indonesian Biodiesel Standard. 
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